Atherosclerosis is an early onset process beginning in childhood 1 . Since cardiovascular risk is multifactorial with environmental, vascular, endocrine and genetic components, successful prevention of atherosclerosis requires recognition and delineation of the precipitating causes. Current endemic of childhood obesity displays that insulin resistance and metabolic syndrome start early in life. Puberty and hormonal changes are components of maturation process in children. Recent study indicates that low sex hormone binding globin (SHBG) levels associate with insulin resistance and metabolic syndrome in children 2 . Metabolic syndrome and cardiovascular risk initiate a low grade inflammation in the onset of atherosclerosis 3 . Chronic low grade inflammation plays an important role in the development of cardiovascular disease and C-reactive protein (CRP) is a biomarker for systemic inflammation 3 . CRP can be measured by high sensitivity methods (hs-CRP). High sensitivity CRP levels are used in risk stratification of patients for cardiovascular events 3 . However, the time of onset for the association between cardiovascular risk and low grade inflammation throughout the lifespan remains unclear.
Cardiometabolic risk factors in children, such as TC-to-HDL-C (total cholesterol to high density lipoprotein cholesterol) ratio correlate with hs-CRP levels 4 . Since, atherosclerosis has its origins in childhood 5 , the correlation between sex hormone levels and hs-CRP is of interest. In this study, we analyze the relation between sex hormones and hs-CRP levels among children and adolescents. The aim is to test the hypothesis that androgen/estrogen balance may contribute to the changes in hs-CRP levels among children and adolescents.
Material and Methods

Study population
The study was conducted among school students living in an urban, low to middle socio-economic environment in Istanbul, Turkey. The study sample was derived from a cross sectional survey on the prevalence of cardiovascular risk factors in a representative sample of school children in Istanbul, Turkey. Five different state elementary and secondary schools were selected. Students who did not want to participate in the survey were excluded (around 10% of the elementary school children and 20% of the secondary school children). One hundred and sixty-eight children and adolescents aged 8-17 years were included in the study.
Data collection
Children were instructed to fast for at least 12 hours before the venipuncture. Their compliance was ascertained by an interview on the day of examination. The fasting status was based on self-report. For biochemistry, hs-CRP and sex hormone assays; samples were kept at 2-8 o C until the analysis was performed the same day in the internationally accredited laboratory. Blood samples were drawn between 8-9 am and screening took place at the student health offices of the schools during regular school hours. Adequate space is provided by the school authorities within the school premises for the study.
The study was approved by the Institutional Ethics Committee. Subjects were given case numbers and identities were kept confidential. Parents of the school children were informed. At least one parent signed an informed consent for the participation after having read an explanatory note. Family history of coronary artery disease was defined as having a first or second degree relative with established coronary artery disease.
Anthropometric measurements
Weight, height, biceps skin fold thickness, waist and hip circumference and arm span were measured by formally trained physicians. The Median (interquartile range) is displayed for variables with skewed distribution. Mean ± standard deviation is displayed for variables with normal distribution. weight of the children wearing minimal clothing was measured to the nearest 0.1 kg with a portable electronic scale. Height was measured with a fiberglass tape. Body mass index (BMI) was calculated as weight (kg) / height (meter) square. Body circumferences were measured with subjects in a standing position. Hip and waist (just above the iliac crest) circumferences and arm span were measured to the nearest 0.1 cm. Based on a nationally representative sample of Turkish Children and Adolescents, we determined the subjects with increased waist circumference (>90th percentile) 6 . Biceps skin fold thickness was measured to the nearest 1.0 mm with a Holtain caliper. Age-and sex-specific cut-off points of BMI were used to assess the overweight and obesity status 7 .
Sex hormone and hs-CRP levels
Testosterone, estradiol (E2) and SHBG levels were measured by chemiluminescence immunoassay method using Modular E170 kit (Roche ® Diagnostic). The plasma level of hs-CRP was measured with the autoanalyser (Aeroset, Abbott ® ) by spectrophotometric commercial kit (Scil Diagnostics GmbH, Germany). To estimate free (non-protein bound) testosterone, we calculated the free androgen index (FAI), the molar ratio of total testosterone to SHBG 8 . To convert testosterone to nanomolar, the nanogram per deciliter value is multiplied by 0.0347. FAI is calculated according to the following equation: FAI = 100 × total testosterone/ SHBG. Likewise, to estimate the free E2 concentration, the free estradiol index (FEI), the molar ratio of E2 to SHBG was calculated 8 . To convert E2 to picomolar, the picogram per milliliter value is multiplied by 3.67. FEI is calculated by the ratio of E2 to SHBG multiplied by 100.
Insulin resistance was calculated according to the homeostasis model assessment formula. Homeostasis model assessment-estimated insulin resistance (HOMA-IR) is calculated using the formula (glucose (mmol/L) x fasting insulin (µU/ml)/22.5). HOMA-IR has been validated as a measure of insulin resistance in non-diabetic children 9 .
Analyses were performed in an accredited laboratory (Centro Laboratories which are based in Istanbul/Turkey). The laboratory is accredited 
Results
Demographic characteristics of the study participants and hs-CRP levels were shown in Table II . Table III displayed the correlation analysis between sex hormone and hs-CRP levels in children and adolescents. FEI levels significantly correlated with hs-CRP levels in boys. There was no significant correlation between sex hormones and hs-CRP levels in girls. Linear regression analysis was performed to determine the predictors of ln hs-CRP. Among covariates of SHBG, HOMA-IR, BMI, age, ln FEI (boys), and ln FAI (girls), ln FEI was shown to significantly and independently affect hs-CRP levels in boys (Table IV) .
Sex hormone levels and hs-CRP
The regression curve between ln FEI and ln hs-CRP in boys were displayed in Figure 1 (R 2 = 0.16, p < 0.001).
Discussion
Clinical studies indicate that atherosclerosis and increased cardiovascular risk initiate low grade inflammation. Sex hormones and puberty modulate cardiovascular risk in children. Low SHBG levels (as usually observed in obese children) associate with insulin resistance and metabolic syndrome in children 2 . Novel inflammatory biomarkers associate with cardiovascular risk factors in obese children 10 . Risk factors such as hyperinsulinemia, obesity, hypertension and hyperlipidemia, are common among obese children 5, 11 . In a study of 354 children, obese children display higher levels of hs-CRP, interleukin and tumor necrosis factor-α compared to the non-obese subjects 10 . Obese children with family history of cardiovascular disease display higher hs-CRP levels compared to those without family history of cardiovascular disease 12 .
The current knowledge is limited on the distribution of sex hormones in children and adolescents, particularly, their relation to inflammation. Previous observations indicate that sex hormone levels and androgen/ estrogen balance play an important role in the onset of metabolic syndrome in children and adolescents 13 . Therefore, the correlation between sex hormone levels and hs-CRP is of interest in children. In this study, we analyzed the relation between sex hormones and hs-CRP levels in children living in an urban, low to middle socio-economic environment. The hypothesis is that androgen/estrogen balance contributes to the subclinical inflammation in children and adolescents. FEI levels significantly and positively correlate with hs-CRP levels in male children and adolescents. Cause and effect relationship between the sex hormone and hs-CRP levels remains to be elucidated. Estrogens are not exclusive to the female gender and occur in moderate circulating levels in men 14 . Puberty and aging in children are associated with alterations in a number of cardiovascular risk factors including adiposity, insulin resistance, and obesity 15 . Coupling of the low grade inflammation with cardiovascular risk is crucial in understanding the onset of atherosclerosis 16 . In addition to the wide range of general physical development and changes in children and adolescents, it is imperative to address age-related affective alterations arising in testosterone/estradiol imbalance possibly as a cause of cardiovascular risk and low grade inflammation 17 . Although 75-90% of E2 in male gender results from aromatisation of testosterone in the steroid pathway, E2 can counterbalance with testosterone for its physiological effects 18 . For instance in elderly men, E2 has many opposing physiological functions and the progressive testosterone decline is associated with relative and/or absolute increase in serum E2 19, 20 . Cardiovascular risk increase in elderly men is concurrent with E2-testosterone imbalance 19, 20 . Thus, it is likely that the relationship of FEI and cardiovascular risk in men is bidirectional throughout the life span; high FEI levels associate with low grade inflammation in children and enhanced cardiovascular risk elderly men. Thus, relative and/or absolute increase in FEI is a biomarker of cardiovascular disease in elderly men 19, 20 .
Gender related differences are observed in the relation between sex hormone and hs-CRP levels in children and adolescents. Similarly, ethnic differences occur in the distribution of hs-CRP and sex hormones. For instance, hs-CRP values in Turkish men and women are 15 to 25% higher than those given for American or European counterparts 21 . Hergenc et al. 22 report that compared with Germans, Turkish middle-aged adults had similar total testosterone but lower SHBG levels. Cardiovascular risk factors such as obesity lower SHBG levels and lead to higher FEI, insulin resistance and inflammation 10, 11 .
Our findings are consistent with the published reports 23, 24 in adult population. SHBG and testosterone negatively correlate with CRP, whereas estrogen positively correlates with CRP. Similarly, a study of 809 adult men in the USA 25 reveals that testosterone levels negatively associate with CRP; yet total and free E2 positively associate with CRP and white blood cell levels. Several studies repeatedly report that increased E2 levels in middle-age men indicate worse cardiovascular risk phenotype such as atherogenic lipid profile 25 , coronary artery disease 26 , and increased carotid artery intima-media thickness 27 . Hence, the present study suggests that there is a continuum in the association of E2 with cardiovascular risk and low grade inflammation in men, starting from childhood to adulthood. And in elderly men, where testosterone levels decline, relative abundance of E2 increases the cardiovascular risk. We obviously need future studies to test the role of altered sex hormone levels as a vascular risk factor in children and adolescents.
Study limitations
Our study was cross sectional and has several limitations. Fat distribution, insulin resistance, hormone levels, subclinical inflammation and lifestyle factors follow non-linear trajectories with complex interactions during the age range of the study participants (8-17 years).
The study hypothesis 'androgen/estrogen balance contributes to the changes in hs-CRP levels among children and adolescents' cannot be addressed using a cross-sectional study. Furthermore, the study combines children and adolescents of all Tanner stages (which were not determined in the study) and merely adjusts for age as potential confounder. Given the age range that we studied, our findings most likely reflect the effects of profound changes in endogenous sex hormone levels with puberty.
Prospective studies are needed to assess temporal changes in the relation of hs-CRP with sex hormones in children and adolescents. To test the effects of diet and environmental factors, larger cohorts are needed. Methodologies and blood collection procedures may account for the differences. We used standardized procedures in an internationally accredited laboratory. Finally, insulin resistance was assessed by HOMA-IR, which a well-validated index in adults, but not extensively standardized in children and adolescents.
FEI levels associate with subclinical inflammation in male children. Future and prospective studies can confirm the role of sex hormones in the modulation of cardiometabolic risk and subclinical inflammation in children.
